The p53 tumor suppressor gene is deleted or mutated in over 50% of human tumors. Mutations frequently extend the halflife of the p53 protein; and a high level of nuclear p53 expression, detected by immunohistochemistry, has been used to predict the p53 status of tumors. We compared the sensitivity and reactivity of five frequently used, commercially available monoclonal antibodies (1801, DO1, DO7, BP53.12 and 421) in immunoblot and immunofluorescence assays, and found that results differed among the antibodies. Comparison of immunoblot analysis of denatured nuclear and cytoplasmic p53 protein were consistent with antibodies DO1, DO7 and BP53.12, each of which generated a strong specific signal in both cell fractions. However, in situ analysis demonstrated that although all antibodies recognized nuclear p53, only BP53.12 and 421 recognized p53 protein in the cytoplasm. In addition, 1801 produced a signal in p53-negative tumor cell lines. Differences in situ among the antibodies were probably due to the accessibility of their respective epitopes and suggested that nuclear and cytoplasmic p53 either have different three-dimensional conformations or are bound to different proteins. A third p53 protein conformation was also suggested by the observation that only two of the five antibodies (BP53.12 and DO7) detected induced levels of p53 in situ following exposure to ionizing radiation. In summary, except for the fact that DO7 does not recognize cytoplasmic p53 in situ, we found it to be the most specific, versatile, and reliable antibody. We conclude that the p53 antibody of choice depends upon the specific goal of a study and the method used to detect this protein.
Introduction
The tumor suppressor gene p53 is the gene most frequently deleted or mutated in human tumors . These deletions or mutations may result in loss or alteration of the function of p53 protein (Zambetti and Levine, 1993) . Mutations can lead to stabilization of the protein, resulting in higher levels of expression of mutant compared to normal p53 (Zambetti and Levine, 1993) . The lower level expression of the unstable wild-type p53 (wtp53) can be induced following a toxic stimulus such as ionizing radiation; the induced level of p53 is also due to an increase in the half-life of the protein (Kastan et al, 1991) . It is likely that p53 status directly affects therapeutic outcome, in that the cytotoxicity of some classes of chemotherapeutic agents is dependent on a functional nuclear p53 protein (Shaulsky et al, 1991; Lowe et al, 1993; Fan et al, 1994; Kohn et al, 1994) . Therefore, it would be useful to have a simple reliable method with which normal or mutant p53 protein could be evaluated in small samples from primary tumors. Our first goal was to determine which p53 antibodies would be useful for detection and quantitation of p53 protein in tumor cell lines which express either wild-type or mutant p53. We were also interested in evaluating antibodies for their ability to determine the subcellular distribution of p53 within cells and to recognize wtp53 following induction with ionizing radiation.
Many antibodies are available that recognize epitopes on both mutant and wild-type p53 protein, but few data are available to document the antibody of choice to produce the most sensitive or the most specific p53 reactivity (Thomas et al, 1997; Bonsing et al, 1997) . There is also little information available on the ability of each antibody to reliably reflect the subcellular distribution of p53, both before and after induction of protein expression following stimuli such as irradiation or drug treatment.
The study described here compared the immunoreactivity of p53 with five commercially available purified monoclonal antibodies both in immunoblot analysis of nuclear and cytoplasmic tumor cell fractions and in situ by immunofluorescence. The antibodies used were 1801, DO1, DO7, BP53.12 and 421; the amino acids recognized by each antibody, as specified by the manufacturers, are listed in Table 1 . These antibodies were chosen because they recognize both wild-type and mutant p53 protein, a characteristic which is essential when the p53 status of the tissue or cells to be evaluated is unknown.
conformation of proteins such that antibody epitopes are not masked. Consequently, unless a particular antibody was raised against a conformation-specific epitope, all p53 protein within a cell should be visualized using any p53 antibody on immunoblots. By fractionating preparations of cells prior to electrophoresis and then doing immunoblot analysis, we were able to determine the subcellular distribution of p53 protein within the tumor cell lines. Figure 1A shows the reactivity and specificity of antibodies 1801, DO1, DO7, BP53.12, and 421 on an immunoblot of nuclear-and cytoplasmic-enriched preparations of Rh28 (wtp53) cells. Fifteen mg of protein was loaded in each lane. Efficiency of fractionation was documented as detailed in Materials and Methods. Primary antibodies were used at concentrations that optimized the signal to noise ratio, as listed in Table 1 . Four of the five antibodies produced a prominent band at 53 kDa in both the cytoplasmic and nuclear fractions of Rh28 (wtp53) cells, demonstrating high levels of expression of p53 protein in both cellular compartments. Antibody 421 gave no specific signal on immunoblots even after prolonged exposure of the blots to film. Approximately equal amounts of nuclear and cytoplasmic p53 were seen with antibodies DO1, DO7 and BP53.12. In contrast, results with 1801 showed *threefold more p53/ 15 mg protein in the nuclear compared to the cytoplasmic fraction of Rh28 cells. Figure 1B shows similar results with Daoy cells (mp53), with the single difference of a weak reaction with 421.
In both cell lines, 1801 also recognized additional bands of *57 kDa and *75 kDa. The 57 kDa band represented 35% and 15% of the signal in the nuclear and cytoplasmic preparations from Rh28 cells (wtp53), respectively, and *5% of the signal in both the cytoplasmic and nuclear preparations of the Daoy cells (mp53). The identity of these bands is unknown, but similar bands have been reported with 1801 in one other study (Banks et al, 1986 ) and a 57 kDa band has also been reported with DO7 in a study by David-Pfeuty et al (1996) . We conclude that 1801, DO1, DO7 and BP53.12 bind specifically to both wild-type and mutant p53 on immunoblots, and that 1801 cross-reacts with at least one other unidentified protein. In addition, these results demonstrate that both Rh28 (wtp53) and Daoy (mp53) cells express a high proportion of their p53 protein in the cytoplasm as well as in the nucleus. DO1, DO7 and BP53.12 produced a single, strong 53 kDa band for both wtp53 and mp53.
Specificity and sensitivity of antibodies in immunofluorescence assays
In analyzing tumor samples, an insufficient amount of sample may be available with which to do immunoblot analysis, but frequently cells can be obtained for immunohistochemistry. Therefore, we performed indirect immunofluorescence assays with each antibody and compared immunofluorescence with immunoblot results in order to determine which antibody would be most suitable for analysis of p53 protein expression in situ. Figure 2A shows photomicrographs of indirect immunofluorescence of Rh28 cells (wtp53) fixed with 1% paraformaldehyde and stained with antibodies 1801, DO1, DO7, BP53.12 or 421. The left hand panels show the Figure 1 Immunoblot of p53 antibodies 1801, DO1, DO7, BP53.12, and 421 with cytoplasmic and nuclear-enriched protein preparations from Rh28 (wtp53) cells (A) and Daoy (mp53) cells (B). Cell Extracts were prepared and separated by electrophoresis as described in Materials and Methods. Specific antibody-antigen reactions were visualized by ECL detection methods, also as described in Materials and Methods Figure 2B shows similar photomicrographs of Daoy (mp53) cells. Levels of nuclear immunofluorescence seen in images in Figure 2A and B were quantitated by image cytometric techniques, and results of these quantitations are expressed as nuclear fluorescence units are shown in Figure 3 . Under the conditions used, all five antibodies produced specific nuclear fluorescence in both cell lines. As would be expected, the mutant p53 cell line (Daoy) expressed a higher level of p53 than the wild-type p53 cell line (Rh28), as detected by all five antibodies. In both cell lines, 1801 produced the highest levels of fluorescence.
In addition to the observed nuclear fluorescence, 1801, BP53.12 and 421 also produced cytoplasmic fluorescence in both cell lines. Notably, the pattern of cytoplasmic staining with 1801 differed from that obtained with BP53.12 and 421 in that with 1801 the cytoplasmic staining pattern appeared more globular than stippled as was seen with BP53.12 and 421. All of the above stains were also performed with NB-1643 neuroblastoma cells which express wtp53 and showed similar results (Figure 7, to be described later).
The comparatively high level of fluorescence seen with 1801 suggested that either the epitopes recognized by this antibody were more accessible for antibody binding than the epitopes recognized by BP53.12 and 421, or that, similar to results with immunoblots, 1801 cross-reacted in situ with other protein(s) in addition to p53. The ability of 421 to recognize p53 in situ (Figure 2 ) but not on immunoblots (Figure 1 ), suggests that epitope recognition by this antibody is at least partially dependent upon the three-dimensional structure of the protein.
To determine whether the nuclear and cytoplasmic fluorescence apparent with each antibody were, in fact specific to p53, we repeated the above experiment with Saos2 cells which express no p53 mRNA or protein (Takahashi et al, 1989; Mitsudomi et al, 1992) . Figure 4 shows immunofluorescence images arranged in a similar fashion as Figure 2 . The left panels contain negative control data; the middle panels show the results obtained with each of the five antibodies; and the right panels show positions of the nuclei. Antibodies DO1, DO7, BP53.12 and 421 did not stain these p53-negative cells as would be expected; however, nuclear as well as cytoplasmic fluorescence was deteted with 1801. Quantitation of the level of nuclear fluorescence of Saos2 cells with all five antibodies is shown in Figure 5 . These data again suggest that 1801 is binding to a protein(s) other than p53. Results with a second p53 null cell line, H358 (Goldsmith et al, 1995) , stained with DO1, DO7 and 1801 were similar to those shown in Figure 4 (data not shown).
For all cell lines and antibodies, cells fixed with methanol/acetone gave results comparable to those obtained with cells fixed with paraformaldehyde (data not shown); results obtained are, therefore, unlikely to be artifacts of the fixation procedure. To confirm that the Saos2 and H358 cells were indeed negative for p53 protein expression, whole cell extracts were analyzed by immunoblot using the DO1 antibody. No signal was detected after a 10 min exposure to X-ray film (data not shown); whereas, Because the data in Figures 1, 4 and 5 suggested that 1801 might, indeed, be recognizing a protein other than p53, we reprobed the immunoblots of Saos2 cells with 1801 and exposed the blots to X-ray film for 20 min. As might be expected, this prolonged exposure of the blots showed numerous diffuse bands ranging in size from 30 ± 100 kDa (data not shown). However, it is not known whether these bands result from recognition of a specific epitope by the 1801 antibody or whether they represent nonspecific background staining. We conclude that 1801 is unreliable in immunofluorescence assays and, consistent with immunoblot analysis (Figure 1 ), likely reacts with another protein(s) in addition to p53. However, no amino acid sequence homologous to the epitope of 1801 other than the human p53 protein itself could be identified in the Swiss-Prot Protein sequence database (Bairuch and Apweiler, 1997) . This data base contains the sequence of the recently identified p53-family member p73 (Kaghad et al, 1997) . Figure 2 shows that DO1 and DO7 generate only nuclear staining. Therefore, although these antibodies can be used for specific detection of nuclear p53 protein, they are not the antibodies of choice for determination of subcellular distribution of p53. The antibodies of choice for immunofluorescence analysis of the subcellular localization of p53 are 421 and BP53.12 because, as demonstrated in Figure 2 , these antibodies recognize cytoplasmic as well as nuclear p53 protein.
In conclusion, the above data indicate that on immunoblots, 1801, DO1, DO7, and BP53.12 reliably detect both nuclear and cytoplasmic, wild-type and mutant p53. In situ, DO7 appears to be the most sensitive and specific in detecting nuclear p53, but this antibody does not recgonize the cytoplasmic protein. Antibodies BP53.12 and 421 detect both nuclear and cytoplasmic p53 in situ; but the nuclear fluorescence intensity seen with these two antibodies is less than that seen with the others tested. The highest level of fluorescence intensity in situ was obtained using 1801; but this antibody does not appear to be specific for p53 protein.
Detection of wtp53 following induction by ionizing radiation
In cells containing functional wild-type p53, the amount of cellular p53 increases following DNA damage (Fritsche et al, 1993) . If this induction could be detected by immunofluorescence, it might be possible to assess the functional status of p53 and the subcellular localization of the induced protein in small samples. NB-1643 (wtp53) cells were chosen for these experiments after it was confirmed that they could induce expression of functional wtp53 protein following DNA damage ( Figure 6 ). The immumoblot analysis in this figure demonstrates enhanced expression of both p53 itself and also of the cyclin-dependent kinase inhibitor p21 (El-Deiry et al, 1994) 4 h following exposure to 1.25 Gy ionizing radiation. This dose represents the IC 80 in that it inhibits growth of irradiated cultures by 80% compared to untreated cells. The data shown in Figure 6 also demonstrates that both nuclear and cytoplasmic p53 can be induced approximately fourfold.
NB-1643 neuroblastoma cells treated in a similar manner, but assessed by immunofluorescence assay with all five antibodies, are shown in Figure 7 . Only DO7 and BP53.12 detected the increase in nuclear p53, and only BP53.12 detected the increase in both nuclear and cytoplasmic p53. Similar results were obtained when cells were fixed with either paraformaldehyde or with acetone/ methanol. In summary, while all five antibodies recognize nuclear p53, only two of the five show the increase in nuclear p53 following irradiation. The data suggest that, in addition to the above-noted conformational differences between nuclear and cytoplasmic p53, nuclear p53 exists in at least two different conformations or states of protein binding following lethal doses of irradiation. Both forms can be recognized by DO7 and BP53.12 whereas only the uninduced form can be recognized by 1801, DO1 and 421. These results were unexpected since, for example, the epitopes for DO1 and DO7 are similar (both within the first 45 amino acids of the amino terminus of the p53 protein) (Table 1) , but DO7 recognized induced p53 while DO1 did not.
Discussion
Many studies have been done that rely on the sensitivity and specificity of p53 antibodies to evaluate p53 status of primary tumor samples (for example, Ayan et al, 1997; Cattaoretti et al, 1988; Deng et al, 1994; Domagala et al, 1993; Esposito et al, 1997; Varley et al, 1991; Yoo et al, 1997) . In addition, antibody 1801 has been used to show association of p53 with centrosomes (Brown et al, 1994) , cytoplasmic distribution of p53 in neuroblastoma cells (Moll et al, 1996) , and to quantitate p53 in tumor cells (Sjogren et al, 1996; Bhattacharjee and Bruner, 1997) . Data presented here show that the ability to interpret studies such as these is very dependent on the Figure 6 Immunoblot analysis of protein preparations of NB-1643 neuroblastoma cells (wtp53) with the DO1 antibody to p53 and the Sdi1 antibody to p21. Cell Extracts were prepared and separated by electrophoresis as described in Material and Methods. Specific antibody-antigen reactions were visualized by ECL detection methods, also as described in Materials and Methods antibody used and whether conditions can be identified that optimize the signal to noise ratio for each type of assay.
The novel findings presented here are several: (1) Contrasts in epitope accessibility of p53 suggest that nuclear and cytoplasmic p53 have distinct three-dimensional conformations or states of protein binding; (2) Similarly, contrasts in epitope accessibility of induced and uninduced nuclear p53 indicate that a third protein conformation exists following exposure of cells to ionizing irradiation; (3) DO7 and BP53.12 appear to be the most sensitive and specific in situ in detecting nuclear p53 both before and after irradiation; and (4) BP53.12 is the antibody most specific and reliable for describing the subcellular localization of p53 in irradiated and unirradiated cells.
Results shown in Figure 1 demonstrated that 421 was not a good antibody for immunoblot analysis. Both Bonsing et al (1997) and Banks et al (1986) have also documented that 421 has poor reactivity on immunoblots; however, Banks et al also showed that 421 has better reactivity against murine p53 than human p53.
Bonsing et al performed quite an extensive study comparing seven antibodies in several types of assays. However, immunoblots published by those authors demonstrated that all of the antibodies tested recognized numerous proteins bands, although most of these bands were described as non-specific. In addition, these authors did not address the significance of cytoplasmic immuno-staining or antibody reactivity with induced p53. In agreement with the Bonsing study, however, we show that 1801 did appear to recognize p53 as well as additional proteins on immunoblots. We also describe assay conditions under which three p53 antibodies (DO1, DO7 and BP53.12) produce clear, single and strong 53 kDa bands. Differences in results between the two studies may derive from the fact that our assay conditions were optimized for each antibody, whereas the data shown by Bonsing et al were generated by using a single immunoglobulin concentration for all antibodies. The conditions for use on immunoblots and reactivity for each of the five antibodies in our study are listed in Tables 1 and 2 and shown in Figure 1 .
Several previous reports Cattoretti et al, 1998; Deng et al, 1994; Moll et al, 1996; Varley et al, 1991) also indicate that 1801 reacts with cytoplasmic antigens. However, these studies did not investigate whether the cytoplasmic reactivity specifically represented p53 or another protein unrelated to p53. We have shown that using 1801 a high level of p53 is found in the cytoplasm both of cells that express wild-type and mutant p53. However, Saos2 cells which are null for p53 demonstrate cytoplasmic immunofluorescence staining in situ with 1801 and consequently we conclude (as did the Bonsing study) that this antibody reacts with at least one Figure 1 demonstrated that there was a high proportion of p53 expressed in the cytoplasm as well as in the nucleus. Therefore, it was interesting that two antibodies, DO1 and DO7, were unable to recognize cytoplasmically localized p53 in situ. In contrast, antibodies BP53.12 and 421 specifically recognized cytoplasmic p53 in situ. These results suggest that there are different conformations or state of protein binding of p53 protein within cells which mask the epitopes of certain p53 antibodies. Since p53 induction occurs posttranscriptionally (Kastan et al, 1991) , it is likely that the protein undergoes conformational changes, oligomerizes (Kraiss et al, 1988) , or binds to other proteins, thereby mediating its stabilization and masking antibody epitopes. Different conformations of p53 protein have previously been identified during keratinocyte differentiation (Spandau, 1994) and p53 has been reported to bind to many different proteins including topoisomerase I (Gobert et al, 1996) , p34 cdc2 (Sturzbecher et al, 1990) , MDM2 , heat shock proteins (Pinhasi-Kimhi et al, 1986), SV40 T antigen (Jenkins et al, 1988) , human papillomavirus types 16 and 18 E6 proteins (Werness et al, 1990) , and the TATA-binding protein (Seto et al, 1992) .
Additionally, Spandau described various in situ staining patterns throughout layers of the epidermis when using a panel of p53 antibodies, and proposed that p53 may be involved in several different processes, requiring different protein conformations during the development and terminal differentiation of a keratinocyte. Milner and Watson (1990) reported that wtp53 immunoreactivity with Ab246 changes following growth stimulation, reflecting conformational and functional differences in wtp53 protein.
In summary, except for the fact that DO7 does not recognize cytoplasmic p53 in situ, we found it to be the most specific, versatile and reliable antibody. We also conclude that the antibody used for a particular study must be chosen with the specific goal of the study in mind, since results with each of the five antibodies vary significantly, and the data can be interpreted only if results with isotypematched negative controls and p53 null cells are available.
Materials and Methods

Cell lines and tissue culture
The cell lines with wild-type p53 that were used in this study were Rh28 rhabdomyosarcoma cells and NB-1643 neruoblastoma cells. The Rh28 cell line was established by Hazelton et al (1987) from the rhabdomyosarcoma of a pediatric patient at St. Jude Children's Research Hospital. The NB-1643 cell line is of neuroblastoma origin and was obtained from the Pediatric Oncology Group cell bank. Rh28 and NB-1643 cells were cultured in RPMI-1640 (Biowhitaker, Walkersville, MD) supplemented with 10% fetal calf serum (Hyclone, Logan, UT) and incubated at 378C in a humidified atmosphere of 5% CO 2 , 95% air. These cell lines were determined to be wild-type for the p53 gene by sequencing of genomic DNA (Houghton and Harris, unpublished observations). The cell line expressing mutant p53 used for the study was the Daoy cell line from the medulloblastoma of a pediatric patient, Daoy cells express mutant p53, having a T substituted for a G in position 2 of codon 242, which results in an amino acid change from cysteine to phenylalanine (Saylors et al, 1991) . Daoy cells were cultured in DMEM (Biowhitaker) supplemented with 15% fetal calf serum in a humidified atmosphere of 10% CO 2 , 90% air. The cell lines that do not express p53 that were used in the study were the Saos2 osteogenic sarcoma and H358 lung carcinoma cell lines (obtained from Dr G.P. Zambetti, St Jude Children's Research Hospital). These cell lines were cultured in DMEM supplemented with 10% fetal calf serum.
Antibodies
Characteristics, assay conditions, and sources for obtaining all five antibodies included in the study are listed in Table 1 . For immunoblots, antibodies were diluted in BLOTTO (5% nonfat dried milk in TBS-T: 20 mM Tris-HCl (pH 7.4), 137 mM NaCl and 0.1% Tween 20); for immunofluorescence assays, antibodies were diluted in 1% BSA/PBS. The Sdi1 antibody to p21 was obtained from Pharmingen (San Diego, CA). FITC-conjugated donkey anti-mouse IgG was obtained from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA) and was used at a final concentration of 2.5 mg/ml in 1% BSA in PBS.
Cell fractionation
Cells were fractionated into nucleus-enriched and cytoplasm-enriched fractions as previously published (Danks et al, 1996) . Briefly, cells were scraped into cold isotonic homogenization buffer (10 mM TrisHCl (pH 7.4), 140 mM KCl, 1.5 mM MgCl 2 ) containing freshly prepared protease inhibitors. Cytoplasmic membranes were disrupted by 25 ± 50 strokes of a glass homogenizer and permeabilization of the membranes was confirmed by trypan blue staining of 490% of the cells. The homogenized preparation was centrifuged at 10006g for 10 min at 48C, to separate the nucleus-enriched fraction (pellet) from the cytoplasm-enriched supernatant. The nuclear pellet was resuspended in additional homogenization buffer and sonicated to disrupt the DNA. The efficiency of fractionation was determined by quantitating the DNA in each fraction and also by immunoblots with anitbodies specific to nuclear or cytoplasmic proteins. By this method, DNA was quantitated using Hoechst 33258 and a Hoefer TKO 100 fluorometer (San Francisco, CA) according to the manufacturer's instructions. DNA was routinely detected only in the nuclear fractions, indicating no detectable contamination of the cytoplasmic fraction with nuclear material; and immunoblot analysis with MEK-2, a cytoplasmic marker protein (Zheng and Guan, 1994) , showed a *7% contamination of the nuclear fraction with cytoplasmic protein, a level considered acceptable to allow interpretation of data obtained for p53 immunoblots.
Immunoblot analysis
Preparations of nuclear and cytoplasmic proteins were electrophoresed in 12.5% SDS-polyacrylamide gels, using the BioRad Mini Protean II system. Proteins were electroblotted to polyvinylidine fluoride membranes (Immobilon-P; Millipore, Bedford, MA) using the BioRad Mini electroblotter. Membranes were blocked in BLOTTO for 1 h at room temperature, followed by incubation for another hour with 1801, DO7, BP53.12 or 421 or a DO1 antibody conjugated to horseradish peroxidase (Santa Cruz Biotechnology Inc., Santa Cruz, CA) diluted in BLOTTO to the concentrations indicated in Table 1 .
After three washes in TBS-T, the membrane was incubated with secondary antibody, (HRP-conjugated donkey anti-mouse IgG from Amersham, Arlington Heights, IL) when appropriate for an hour. The final three washes with TBS-T consisted of two washes for 15 min and one wash for 30 min following which Enhanced ChemiLuminescence (ECL; Amersham) detection reagents were used as described by the manufacturer. The length of exposure for development of blots with 1801, DO1, DO7 and BP53.12 varied from a few seconds to 10 min to generate appropriate band intensity. Blots with 421 were exposed to X-ray film for 45 min. Proteins were visualized by exposure to X-ray film (Kodak X-Omat AR; Eastman Kodak Co., Rochester, NY). These films were scanned using a UMAX PowerLookII scanner and bands were quantitated using Microsoft ImageQuant software.
Indirect immuno¯uorescence staining
Stains were done as described previously (Danks et al, 1996 (Danks et al, , 1997 with minor modifications. Cells were grown on glass chamber well slides (Nunc, Naperville, IL) and fixed with either freshly prepared 1% paraformaldehyde at room temperature for 20 min or acetonemethanol (1 : 1) at 7208C for 2 min. All subsequent procedures were carried out at room temperature. When cells were fixed with paraformaldehyde, nuclear membranes were permeabilized with 0.25% Triton X-100 in PBS for 20 min. Cells were then washed three times with PBS and incubated with 10% swine serum for 20 min to minimize nonspecific binding of antibodies. Incubation with the appropriate concentration of primary antibody (Table 1) or an isotype matched control (the normal mouse immunoglobulin fraction diluted to the same protein concentration) was for 2 h in a humidified chamber. Cells were washed with PBS for 10 min, changing the wash solution five times during this period. The cells were then incubated with a FITC-conjugated donkey anti-mouse IgG for 1 h. After washing in PBS for 10 min, cells were incubated with Hoechst 33342 for 2 min to visualize the DNA. Slides were air-dried before mounting.
Fluorescence image cytometry
To eliminate investigator bias, fields of cells to be analyzed for p53 were chosen on the basis of Hoechst (DNA) fluorescence. DNA fluorescence was used to confirm that nuclei were intact, nonoverlapping, and in a single focal plane. DNA images of cells meeting these criteria were acquired and stored for analysis. All FITC images were exposed for 5 s. An occasional field of cells was not recorded for analysis if the cytoplasmic fluorescence was not in a single focal plane.
The method for quantitation of nuclear fluorescence was basically as described previously (Danks et al, 1996 (Danks et al, , 1997 . The procedure to quantitate nuclear fluorescence was modified slightly to exclude the intense punctate cytoplasmic staining when present over the nucleus. With the exception of Figure 7 , all images in any given figure are printed at the same contrast to allow direct comparison of fluorescence intensities among antibodies. In Figure  7 , 1801 staining is shown ten times less intense than the other antibodies in order to allow comparison of staining prior to and following radiation.
